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FOREWORD

The use of a buoyant station -- balloon supported instrument
package -- to explore in the atmosphere of Venus was considered
in a previous study and the results were presented in NASA CR-
66404 ,% The concept permits the instruments to be supported in
the atmosphere in a moderate environment with the additional ad-
vantages of long duration in the atmosphere and mobility over
the surface -- dependent on the existing wind patterns. From
such a station measurements relating both to the atmopshere and
the surface can be made, the latter either indirectly or by
sondes dropped to the surface from the parent station. Because
the problems of surviving and operating in the extremes of the
lower altitude environments are localized in the relatively small
sondes or probes, considerably more leeway is possible in the de-
sign of the instrumentation as well as the other supporting equip-
ment,

The present study expands the work reported in NASA CR-66404
to consider the feasibility of the buoyant station concept with
the constraints and requirements that would be imposed by a vyari-
ety of complete missions, i.e,, orbital, flyby and swingby missions.,

This final report on the Buoyant Venus Station Mission Feasi-
bility Study for 1972-1973 Launch Opportunities is submitted by
the Martin Marietta Corporation, Denver Division, in accordance
with Contract NAS1-7590,

This report is submitted in three volumes as follows:

Volume I - Mission Summary Definition and Comparison;

Volume II - Trajectory Analysis for 1972 and 1973 Mis-
‘ sions;

Volume III - Configuration Definition,

The purpose of this first volume is to provide a brief sum-
mary of the missions considered and the design concepts involved,

For further information the reader is referred to Volumes II and
III,

*J, F, Baxter: Final Report, Buoyant Venus Station Feasi-
bility Study, Volume I, Summary and Problem Identification,

ii
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FINAL REPORT
BUOYANT VENUS STATION MISSION FEASIBILITY STUDY
FOR 1972 AND 1973 LAUNCH OPPORTUNITIES
VOLUME I - MISSION SUMMARY DEFINITION AND COMPARISON

by John F, Baxter, Ronald E, Frank, John F, Froistad, and
Gene R. Cody
Martin Marietta Corporation

SUMMARY

Three mission modes and launch opportunities in which the
buoyant station can be employed are considered:

1) A 1972 mission with a flyby spacecraft;
2) A 1973 mission with an orbiter spacecraft;

3) A 1973 mission in conjunction with a Mercury/Venus
swingby opportunity.

The buoyant station concept is found not to be highly sensi-
tive to the mission mode selected. With minor differences, a
station (fig. 1) weighing approximately 400 1b at deployment
(floating a 175-1b gondola/instrument package) is appropriate
for each of the missions considered.

ACCOMPLISHMENT OF SCILENCE OBJECTIVES

The unique features of a BVS (Buoyant Venus Station) mission
are given in table 1, These attributes are generally not achievable
by other available means of in situ exploration and are particularly
worthy of consideration in 11ght of the Russian success with a probe
mission into the Venus atmosgphere.
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TABLE 1.- UNIQUE BVS FEATURES

Environment

Design and packaging restraints (high temperature and pressure)
are localized to small sondes and probes.

Time
Duration to malke detail measurements and analysis
Ability to deal with time variable phenomena
Command possibilities

Mohility
Winds
Multiple probes to surface

Ability to deal with phenomena that vary with location




In general, the BVS concept has the following unique capa-

bilities:

1)

2)
3)

4)

Temperate and well-defined environment, The Mariner
V and Venera IV missions have shown that the condi-
tions near the BVS floatation altitude approximate
those of Earth. A corollary is that the problems of
designing probes or landers for survival in the ex-
treme near-surface environment are localized in small
sondes;

Mobility and multilocation sounding to the surface
giving spatial variations of phenomena;

Long life allowing investigation of time-dependent’
phenomena and experiment format adaptability;

Exploratory nature, The BVS is driven by the winds
to and from the regions of meterological activity,
The likelihood of new phenomena being discovered is
enormously enhanced.

Generaily, measurements that can be made by an entry probe

(or probes) can be made as well and often better using a Buoyant
Venus Station (BVS) with several small sondes. In addition, many
objectives can be accomplished only through the use of a BVS with
drop sondes because the investigation of temporal or spatial varia-
tions requires the BVS concept. The specific experiments or ob-
jectives that can be satisfactorily accomplished only through the
use of a BVS with drop sondes include:

L)

2)

3)

4)

General circulation pattern, winds, turbulence,
spatial and temporal variations;

Biological experiments. These typically require long
times (~50 to 100 hr) and a temperate environment for
collection, growth, and analysis;

Cloud physics and chemistry including horizontal and
vertical structure and variations, particle size,
concentration, composition, etc., breaks, variations
with location, and detailed compositional analysis;

Trace and time-variable atmospheric constituents
(e.g., Hz0, volcanic emissions, organic compounds,
dust, etc.) and correlation with other phenomena;



5) Variations of radiation flux (visible and infrared)
with zenith angle, altitude, cloud cover, and cor-
relation with other phenomena (e.g., winds, surface
temperature)

6) High resolution imaging (visible, passive, or active
microwave) of surface features and topography at many
points.

From the viewpoint of accomplishing science objectives, the
BVS missions differ primarily in entry locations and predicated
drift of the BVS in the atmosphere. In this regard, the orbiter
migssion is8 most attractive in permitting the BVS to approach the
polar area.

SCHEDULE AND COST

A preliminary program plan for the designated missions, in=
cluding development program plans for the heat shield and the
flotation system, is presented. Cost and schedule data are pro-
vided for each mission and for the development items.

From a common starting point (September 1969), the 1973
orbiter and Venus/Mercury missions allow 50 months to launch,
while the 1972 flyby allows 31 months to launch. WNo development
items have been identified that preclude any of these schedules;
however, the short time span available for the 1972 opportunity
suggests the impracticality of implementing the 1972 flyby mis-
gion. Therefore, only a schedule has been prepared for this
mission.

The variation in cost for the three missions is approximately
10% from the least cost mission to the highest cost mission. The

total cost comparison of these three migsions is given in table
2.

The major items of development are identified for all missions
as:
1) Heat shield development;

2) Flotation system development.
The data generated for this study indicate that a 1973 mis~-

sion is feasible with major funding not starting (Phase C study)
until fiscal year 1971 as shown in figure 2.
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TABLE 2. - TOTAL PROGRAM COST

Cost, FY68 dollars
1973 orbital 1973 Venus/Mercury 1973 flyby

BVS hardware 121 270 x 10° 135 284 x 10° 127 017 x 10°
Probe 5 087 6 181 5 087
BVS science 12 240 12 240 12 240
Mission integration 14 113 14 113 14 113
Spacecraft 85 000 75 000 75 000
Launch vehicle 18 000 18 000 18 000

Total 255 710 260 818 251 457

INTRODUCTION

The objective of the study was to investigate the feasibility
of several specific Venus exploration missions using the buoyant
station concept; the feasibility was investigated by performing
trajectory analyses (interplanetary, orbital, flyby approach, and
atmospheric entry), by defining modifications to specified space-
craft, and by defining configurations for the buoyant station/
entry system., The final steps of the study consisted of comparing
the specified missions including preparation of preliminary cost
and schedule information,.

The technical guidelines to which the study was performed are
as follows:
1) The missions to be investigated and compared are,
a) 1972 flyby mission,
b) 1973 orbiter mission,
c¢) 1973 Mercury/Venus swingby;

2) The SLV 3C/Centaur and Titan IIIC shall be considered
as candidate launch vehicles;

3) Interplanetary trajectory parameters as defined in
JPL T 33-334, TM 33-342, and T™ 32-1062 shall be
used;



4) Venus atmospheres as defined in NASA SP-3016;

5) A complete DSIF network shall be assumed to be
available;

6) The Mariner 1969 as defined in Mariner Mars 1969
Functional Requirements shall be used for the flyby
mission spacecraft;

7) The modified Boeing lunar orbiter, as defined in NASA
CR-66302, shall be used for the orbital mission space~
craft;

8) The Mercury/Venus spacecraft shall be as defined in
JPL document 760-1;

9) The spacecraft will not be sterile;

10) The spacecraft may serve as relay station for data
transmission;

11) The minimum weight BVS (investigated under Contract
NAS1-6607, ref, 1) shall be used as the baseline
station configuration;

12) The entry system shall provide conditions compatible
with BVS deployment requirements; '

13) The external shape of the entry system capsule shall
be a large angle blunted cone;

14) Sterilization requirements as defined in JPL Speci-
fication no. XS0-30275-TST-AJ and GMO 50198ETS-A shall
be used.

The above technical guidelines permitted the buoyant station
concept to be considered within the framework mission of specific
modes and opportunities. The value of such an approach, aside
from extending tne understanding of the buoyant station feasibility
and further delineating the problem areas, was to assess the mis-
sion modes that best complement, and are complemented by, the
buoyant station,

Several of the listed guidelines were modified early in the
study =-- primarily on the basis of the better understanding of
Venus, which resulted from the Venus Mariner and the Russian mis-
sions in 1967,

The concept of using the minimum weight BVS developed under
Contract NAS1-6607 was discarded on the grounds that the 20-1b
science complement was no longer reasonable in the light of the
Russian and Mariner successes, which made a larger payload more
appropriate for consideration, The baseline science payload was
increased to 58 1b,



The SLV 3C Centaur was deleted from further consideration
early in the study because it severely limited the size of the
BVS under consideration -- particularly for the orbiter missions.

The atmospheric models of NASA SP-3016 were not used for the
reason that better data were available and could be applied with
reasonable assurance of their validity (see appendix A of wvol,
I11).

Finally, although not specified in the guidelines, it was
decided to float the buoyant station within (rather than above)
the clouds on the basis that the scientific value of the mission
would be significantly increased. Also considered, was a dual-
altitude mission performed initially above the clouds with a
second phase of descent and flotation at lower altitudes (see
appendix E of vol III),

At the end of the second month of the study, the recommenda-
tion was made to identify the entry-from-orbit concept and the
flyby mission with direct-to-earth-communication as the approved
configurations for the orbital and flyby modes, respectively, and
to concentrate the remaining design effort on these configurations,
The Venus/Mercury mission was added in the seventh month as was
the dual-altitude concept.

This volume of the final report summarizes the approved mis-
sion configurations to permit a comparison to be made between
the mission modes and opportunities under consideration. In-
cluded in this volume is a preliminary plan (cost and schedule)
for each mission and an identification of mandatory or desirable
technology effort related to the BVS concept,

The appendix to this volume, Buoyant Venus Station Test Pro-
gram, was prepared by Dale E, White,

Volume II, Trajectory Analysis for 1972 and 1973 Mission,
presents the mission analyses performed for the three missions.
For each mission, a baseline is defined, including interplanetary
trajectories, orbital parameters, and flyby, approach, and atmos-
pheric entry trajectories.

Volume III, Configuration Definition, defines and documents
the approved configuration for each mission, Included are the
buoyant station/entry system and modifications to the spacecraft.
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DSN
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SYMBOLS
Air Force Eastern Test Range
bits per second
Buoyant Venus Station
Deep Space Instrumentation Facility
Deep Space Network
engineering test model
infrared
National Center for Atmospheric Research
operational support equipment
payload |
proof test model
spacecraft
supporting research and technology
Space Science Board
sysFem test complex
thermal control test model
television
orbit eccentricity
capsule entry flight path angle, deg
density g/cc
Sun
Earth
Venus

Mercury



capsule ballistic coefficient, slugs/ft2

Vg capsule entry velocity, ft/sec
ViE hyperbolic excess velocity, km/sec
C3 earth departure energy, kmZ/sec?

P pressure, mb

MISSION SUMMARY

Three missions, which include operating with either orbiting
or flyby spacecraft and both relay and direct-to-Earth communica-
tions, are summarized in figure 3. From entry through flotation
of the BVS, the missions are generally similar, as illustrated
in figure 4, which shows the entry phase, the separation and
descent to the surface of the subsonic probe, the BVS deployment
and inflation, and, finally, the release of the drop sondes.

The model atmosphere for the mission is depicted in figure
5, which results in the entry decelerations of figure 6 and the
aerodynamic heating of figure 7. As indicated, the balloon de-
ployment, inflation, and flotation are accomplished under very
moderate environmental conditions. The experiment complement for
the baseline BVS is listed in table 3.

The entry targeting for the three missions is described in
figures 8 thru 10, which illustrate the constraints around which
they were developed. The anticipated path that the BVS will take
under the influence of the winds is described in figures 1l thru
13. The 1972 flyby mission and the 1973 Mercury/Venus swingby
enter the atmosphere and remain in view of earth for a direct-
Earth communication link. For the mission with orbiter, the BVS
remains near the plane of orbit for relay communications. The
orbit plane is restricted by "50-year lifetime' constraints to
a relatively narrow band.

The feasibility of the missions, from the standpoint of pay-
load capability and the weight allocation, is indicated in figures
14 thru 16. The mission margins available are shown in each case.

Table 4 compares the major characteristics of the mission, the
parameters of which are summarized in table 5.
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TABLE 3,- ILLUSTRATIVE BVS EXPERIMENT COMPLEMENT

Experiment

Weight, 1b

Objectives

Triaxial Accelerometer
Pressure sensors
Temperature sensors
H-0 sensor

Light backscatter
Solar aspect angles

Visual photometers
Mass spectrometer (MS)
Gas chromatograph (GC)
Aerosol collector
Radar Altimeter
Biolab

Drop sondes (2 @ 5 1b)

, Total Weight

1.5
1,0
1.3
0.8
1.5
1.5
2.0

9.0

6.0

1.0

12.5

10.0

10.0

58.1

Wind, turbulence

Atmosphere structure
Atmosphere structure

Water vapor in atmosphere
Cloud particle properties

Sun position, location of BVS

Radiation environment, cloud
properties, heat flux

Atmospheric and cloud compo-
sition

Atmospheric and cloud compo-
sition

Collect samples for MS, GC,
life experiment

Altitude reference, BVS
velocity, topography, surface
properties

Search for life in clouds

P, T, Ho0, or radiation flux
sounding to surface,
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Figure 10.- Entry Vehicle Targeting,
1973 Venus/Mercury Mission
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Figure 13.- BVS Wind Trajectories, 1973 Venus/Mercury Mission
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DESIGN CONCEPT

The planetary vehicle, consisting of the spacecraft, either
orbiter or flyby, and the BVS/entry vehicle system is shown in a
10-ft diameter booster shroud in figure 17, The 8.5-ft diameter
entry vehicle is encapsulated in a biological canister that is
integral with the S/C adapter. The separation planes and concept
for providing each separation are shown.

An exploded view of the BVS/entry vehicle system is shown in
figure 18, The subsonic probe is supported from the inflation
module that also supports the BVS gondola. The afterbody para-
chute, a 10-ft diameter flat type, which is deployed at a Mach
number of 0.5 with a mortar, is stowed above the balloon canister,
The BVS main parachute, which is deployed by the afterbody through
a break-tie, is a 32-ft diameter, disc-gap band design, stowed
concentrically about the afterbody parachute. This parachute
produces a terminal condition of 1.0 1b/ft® dynamic pressure in
which the balloon is inflated.

An afterbody heat shield is required for Venus entry for all
three missions. A 0.24-in. thick lightweight elastometer protects
the BVS, This afterbody must incorporate a radome over the BVS
antenna.

The 58-1b science payload is mounted on the lower shelf of
the gondola as shown in figure 19, The upper shelf contains the
telecommunications and power subsystems as shown in figure 20,
The solar array, if used, is mounted around the outer surface of
the gondola,

The communication links between the spacecraft, BVS, and sub-
sonic probe for separation, entry, and deployment phases of the
flyby and orbital missions are shown in figure 21, The flotation
phase for these two missions are shown in figures 22 and 23, The
Venus/Mercury mission, all direct link, is shown in figure 24.

BVS power is supplied by silver-zinc batteries providing a
minimum of 50 hr of mission life. The orbital mission also
employes a solar array of silicon, N/P cells.
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The subsonic probe and two 5-1b drop sondes are shown in
figure 25, The science complement of experiments for the sub-
sonic probe is listed in table 6.

The balloon assembly for the 400-1b station is an 18-ft
diameter, superpressure concept as shown in figure 26, The dif-
fuser tube assembly reduces the gas kinetic energy during infla-
tion and carries the load of the gondola when the balloon is
extracted from its canister during deployment while the balloon
is supported from the parachute. The actual material used for
the mission may not be Mylar; however, at this date Mylar is the
leading candidate. One of the major developments required for
the BVS is a balloon material investigation (test) program.

The inflation subsystem is a simple, blowdown (i.e., unre-
gulated), type with four manifolded tanks transporting ambient
hydrogen gas at 4500 psia. The subsystem is shown in figure 27
with its ordnance operated valving and tube cutter. The tube
cutter is required for staging the inflation module from the
gondola immediately after gas tank depletion. The tankage trans-
ports approximately 107 excess gas, which provides the necessary
buoyancy for minimizing station altitude undershoot. The excess
gas is valved off as the cold gas is warmed by the atmosphere.
The correct balloon superpressure is maintained by a pressure
switch and solenoid valve. The four tanks are of a glass filament
wrapped, aluminum liner design.

The capsule propulsion requirements for the missions are sum-
marized in table 7. Mariner '69 monopropellant engine and lunar
orbiter bipropellant engine, both qualified, can be used for these
missions,

Figure 28 presents a detailed inboard profile of the BVS/entry
vehicle for the orbital and flyby missions, The heatshield is ap-
proximately 0,35-in, thick, lightweight, carbon filled, elastomeric,
ESA5500(M). The aeroshell structure is a ring stiffened shell de-
sign of aluminum,

The Venus/Mercury mission BVS/entry vehicle is 7.0 ft in
diameter as shown in figure 29. This mission has an atmospheric
entry velocity of 43 550 fps requiring a heat shield of carbon
phenolic varying in thickness from 0.65 to 0,75 in, thick. This
mission also required an active attitude control system as opposed
to the spin control used for the flyby and orbital missions. The
attitude control allows the capsule to be properly oriented for
entry following the impulse maneuver of the capsule,.

For further detail, the reader is referred to volume III of
this report,
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TABLE 6.~ ILLUSTRATIVE SUBSONIC PROBE
EXPERIMENT COMPLEMENT

Experiment Weight, 1b

Pressure sensors 1.7
Temperature sensors 1.3
Density sensor
(B-source and detector) .9
Light backscatter 3.0
Visual photometers 2.0
IR photometers 1.6
Total insolation radiometer 1.0
Mass spectrometer 7.0

Total weight 18.5




Will be slack with
i balloon inflated
Spliceable
dacron cord

Liner (see note 2)

Diffuser tube assy
(see note 1)

A
// Sphere assembly
( (18 gores)
(18 ft diam)

13,5 ft
11.0 ft
J Bond skirt to sphere
(station 10)
Skirt

(see note 1)

Hoop band

Gondola

Note: 1, Cloth, dacron, ripstop,
natural, J,P, Stevens & Co,
S/N-2468/1, 1,25 oz/sq yd,
Mylar 3/4 mil x 1/2 mil
adhesive x 3/4 mil Trilam,

#Raven Industries, Inc.,
design drawing no. 07532. 2.

Figure 26.~ Balloon Assemblya
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Initial start valve

Main start valve
Filter
Tube cutter

Stop valve

Diffuser

Cutaway view
Section C-C

Hydrogen gas storage

tank 4 required ~ |
i Plan view
Gas manifold
Vent Legend:
solenoid -©- N.O0. ordnance valve
valve -O- N,C, ordnance valve
PS Flow control nozzle @ Tube cutter
Gondola interface ‘ B  Pressure switch
Aeroshell Sterilization
Filter canister
Filter and orifice .
Disconnect
assembly
. Lo TN o %

4500 psia
hydrogen
(typ)
Schematic

Figure 27,- Balloon

© ZSI

‘Hq‘,’Jlu

Inflation Subsystem
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ACS support beams*_d////

jettison with deflection
propulsion module

Mariner '69 engine—

GNp tank \

(i required)x
ACS

. I i
GNp tank (2 required)
deflection propuslion
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system separation plane
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Figure 29,.,- BVS Entry Vehicle Configuration (Venus/Mercury Mission)
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ACCOMPLISHMENT OF SCIENCE OBJECTIVES

The Space Science Board (SSB) of the National Academy of
Sciences, National Research Council has published a report.(ref-
erence 2) in which earlier recommendations for planetary explora-
tion are reappraised and new priorities and objectives set forth
for the 1968-1975 time period.

The report sets forth the following specific objectives as
being of highest priority for Venus:

D

2)

3)

4)

In situ exploration of the lower atmosphere and cloud
layer with emphasis on the physical and dynamic prop-
erties of the cloud cover, thermal and dynamic char-
acteristics of the atmosphere at a number of loca-
tions, the radiation environment, and the chemical
composition of the atmosphere;

An exploratory mapping from orbit of portions of the
surface -- 1l-km resolution for radar imaging, 100-km
resolution for thermal emission mapping;

Determination of variations in the gravitational field
from orbit perturbations;

Precise definition of the effects of solar wind sweep~
ing on the high atmosphere, synoptic study of the
near-Venus environment, and investigation of the
formation of the ionosphere.

This ordering is in general agreement with the assignment of
priorities that (predating ref. 1) were made in this study:

D

Group I, highest priority,

a) Determination of the surface radius by direct
measurement of surface temperature and pressure,

b) Thermal mapping of large portions of surface,
particularly near poles, subsolar point,

¢) Cloud composition, horizontal and vertical struc-
ture,

d) General atmospheric circulation pattern, wind
velocities,

e) Identify other major atmospheric constituents,

£) 1Intensity of visible and infrared radiation at
surface and variation with altitude;



2) Group II, medium priority,

a)

b)

d)

e)

£)

Detailed atmospheric and cloud composition, trace
constituents, physical properties of cloud par-
ticles, analysis for organic or life-related com-
pounds, variations with altitude,

Local winds, velocities, turbulence, and shears,

Incoming and outgoing radiation fluxes (uv to IR)
as functions of wavelength and zenith angle from
above clouds to surface,

Refinement of mean radius, mass, rotation rate,
and direction,

Remote investigation of general surface proper-
ties, topography, gross surface composition,
density, etc.,

General ionospheric structure (as it affects com-
munication);

3) Group IIL, low priority,

a)

b)

c)

d)

e)

General body characteristics, differentiation
into core, mantle, and crust, moments of inertia,
seismic, tectonic, and/or volcanic activity,

Physical and chemical composition of surface,
topography, minerology, and surface structure,

Isotopic abundances and distributions of radio-
genic elements in atmosphere, surface, and sub-
surface materials,

Magnetic field (if any), strength, orientation,
multipolarity, relation to surface and/or body
characteristics, interaction with solar wind,
and interplanetary fields,

Intensive search for life in atmosphere and clouds
or in cool regions on surface.

For the Mercury/Venus mission, the Venus objectives retain
their relative priorities, but the primary objective is to get a
"first look' at Mercury, i.e., visual and thermal imaging. Inter-
planetary measurements are also given higher priority because of

the close approach to the sun.

selected for the Mercury encounter are listed below in approximate
order of priority:

The objectives (from JPL T 33-332)
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1) Provide TV pictures of planetary surface to a resolu-
tion of about 150 m/TIV line. Photograph entire visible
disc of planet to obtain diameter, and, from this in-
formation, in conjunction with mass from trajectory,
obtain an order of magnitude density determination;

2) Obtain a three~dimensional thermal map of planet sur-
face/subsurface. TFrom these data, one would hope to
interpret the thermal and electrical properties of
the planetary surface in terms of geological processes,
structure, etc. Also, at shorter wavelengths, one
would hope to get information on temperature, pressure,
and density of the planetary atmosphere;

3) Determine abundance and distribution of upper atmos-
pheric constituents, obtained from uv spectra of
Mercury;

4) Measure changes at several frequencies of spacecraft
radio signal resulting from occultation of spacecraft
by Venus and perhaps Mercury and the sun. Give atmos-
pheric scale heights for Venus and Mercury and plane-
tary diameter for Mercury;

5) Measure change in range signal between space probe
and Earth resulting from relativistic effect when
range signal passes near the sun;

6) Investigate planetary and interplanetary magnetic
fields, their relationship, characteristics, magni-
tude, direction, and orientation;

7) Make detailed energy and flux measurement, similar to
OGO-E plasma experiment;

8) Determine mass of Mercury.

The spacecraft experiment complement defined by these objec-
tives must be used to accomplish Venus objectives as well. 1In
the comparisons discussed below, only Venus objectives are con-
sidered.

Because the objectives are equivalent, the BVS experiment
complements selected early in the study remain valid. However,
because the SSB objectives are stated differently and will un-
doubtedly gain wide acceptance, the mission comparisons are more
useful if discussed in terms of the objectives as stated by the
58B. Accordingly, the SSB objectives are summarized in table §;



TABLE 8.~

SCIENCE OBJECTIVES

Objectives

Requirements

Planetary atmospheres
T, P, p profiles at several locations

Radiation fluxes (visible, IR)

Physical and chemical composition of clouds

Horizontal and vertical cloud structure,
dynamics

Winds, general circulation, turbulence,
shears

Detailed atmospheric composition

Upper atmosphere composition

Exospheric temperature
Ionospheric electron densities

Planetary surfaces

Exploratory radar mapping, topography

Thermal emission mapping

Physical and chemical surface composition
electrical properties

High resolution imaging of select locations

Planetary dynamics and interiors

Gravitational field mapping

Activity (seismic, tectonic, volcanic)

Heat flow from interior

Particles, fields, and solar wind

Synoptic study of near-Venus environment

Interaction of solar wind with upper
atmosphere '

Formation of ionosphere

Exobiology

Search for temperate surface environment
near poles

Direct search for life in atmosphere and
clouds

Near poles, subsolar, antisolar, equatorial
terminators; from above clouds to surface.

From above clouds to surface at several points
between subsolar and terminator; near antisolar
point, poles.

Major constituents, particle concentrations, size
distributions, refractive indices; horizontal
and vertical variations especially near subsolar,
terminator, poles, antisolar.

Layering, breaks, structural differences near
subsolar, terminators, antisolar,

Circulation near cloud tops, below, near surface;
winds, etc,, near subsolar poles terminators
antisolar versus altitude, time variations.

Traces, condensibles, organics, isotopic abufidances
of noble gases. Time variations, light side to
dark side variations.

Ionized and neutral components, variations about
planet and vertically.

Horizontal and vertical variations.

Horizontal and vertical variations.

~1 km resolution; high latitudes or poles.

~100 km resolution; high latitudes or poles,
subsolar to pole, subsolar to antisolar.

General surface characteristics, (rock, sand, dust,
layering, ete.,); dielectric constant reflectivity;
chemical analysis from short term lander.

Visual (or microwave) imaging of radar "features'
from descending probe.

Satellite orbit perturbations, high and low in-

clination. Moments of inertia, shape, density
distribution,
Seismic: lander with seismograph

Volcanic: surface temperature mapping, detection

of gaseous emissions in atmosphere,

Observations of radiation balance over planet.

Orbiters at different inclinations, UV fluxes in
upper atmosphere, neutral and ion identity and con-
centrations, airglow observationms.

Direct measurement of surface conditions at poles,

Collection and analysis of aerosols, requires ~50 to
100 hr. ,
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objectives not explicitly stated in the SSB report are identified
by asterisks. The second column in table 11 lists the require-
ments and desiderata for optimum accomplishment of these objec-
tives. As can be seen, there are several requirements common to
many of the objectives:

1) Most measurements are desired at several widely sep-
arated locations with particular emphasis on the
poles and the subsolar and antisolar points;

2) Variations with altitude from above the cloud tops
to the surface at these same locations are required.
An altitude reference is also desired;

3) Time variations as well as spatial variations are
required;

4) Several of the objectives required durations of sev-
eral tens of hours for successful accomplishment.

ACCOMPLISHMENT OF OBJECTLVES WITH BVS MISSIONS

An advantage of multiple probes is that they can be targeted
to precisely the locations desired while only the initial loca-

- tion of the BVS is independent of the wind pattern, (However,

if the poles are much colder than the equatorial regioms, it is
likely that the BVS will be driven toward them -- or toward
the coolest spot on the planet wherever it may be.,)

' The BVS concept is compared in table 9. to the multiple or
single probe concept on the basis of potential for accomplishing
the scientific objectives listed. The BVS configuration is as-
sumed to consist of an entry vehicle, a subsonic probe to the
surface, and a BVS with several small sondes, Thus, it is es-
sentially a multiple probe mission plus a long lived BVS mission,

In table 9., plus (+) indicates that the objective can be.

(potentially) accomplished to an acceptable degree while plus-
‘plus (++) indicates complete or nearly complete accomplish-

ment; a minus (-) indicates inability to accomplish the ob-
jective listed or only token accomplishment. All cases in which
the probes are given a double plus rating are due to the ability
to target a multiplicity of probes at the locations desired.

From the veiwpoint of accomplishing science objectives, the
BVS missions differ primarily in entry locations and predicted
drift of the BVS in the atmosphere. In this regard, the orbiter
mission is most attractive in permitting the BVS to approach the
polar area.



TABLE 9. -~ COMPARISON OF BVS AND PROBE CONCEPTS

Scientific objective

Entry probe(s)

BVS with
sondes

Planetary atmospheres, lower

Temperature and pressure profiles to surface near
poles, subsolar, and antisolar points

Radiation fluxes (visible, IR) cloud tops to
surface at several points

Chemical composition of clouds
Horizontal and vertical cloud structure, dynamics

Winds, general circulation at several altitudes,
turbulence, shears

Detailed atmospheric composition; traces, conden-
sibles, organics, isotopic abundances

Upper atmosphere and ionosphere

Composition and altitude variations
Exospheric temperature and variations
Ionospheric electron densities and variations

Planetary surfaces

Radar imaging with 1 km resolution; particularly at
high latitudes

Thermal emission plots with ~100 km resolution;
particularly poles

Physical and chemical composition of surface, elec-
trical properties

Visual imaging of select locations at high resolu-
tion

Planetary dynamics and interiors

Satellite orbit perturbations; shape, moments of
inertia, density distribution

Activity (seismic, tectonic, volcanic)
Heat flow from interior
Differentiation (core, mantle, crust)

Particles, fields, and interactions with solar wind

Synoptic study of near-Venus environment
Formation of ionosphere
Exobiology
Search for temperate surface environment near poles

Direct search for life in atmosphere and clouds

+(+Mult)

+(+Mult)
+
+

+(+Mult)

++(VIP)?

Prr

e

+

8Yenus Imaging Probe
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The baseline experiment complements for the BVS were designed
to be nearly identical for the mission modes of this study. As
summarized in table 10, they have been selected to accomplish many
of the objectives. The significant differences between the mis~

sion modes are not in the payloads, but rather with respect to

how well or to what extent the objectives can be accomplished
subject to the constraints of each mission; e.g., entry and de-
ployment locations, mission duration, wind drift trajectories,
coverage, etc. In the discussion below, the three baseline BVS
mission modes are compared with respect to these differences.
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MISSION COMPARISONS

The most significant comparisons are with respect to the en-
counter geometry and entry locations. ¥Figures 30 thru 33 depict
the encounter geometry for each of the three missions. The scien-
tific objectives and desiderata dictate the following constraints
on the selection of the trajectories and entry locations:

1) The requirement to measure light levels below and
within the clouds restricts the entry locations to
within 70° of the subsolar point and preferably with-
in 10° of subsolar;

2) Near normal viewing of a polar region from the S/C
is required for thermal mapping of that region;

3) Viewing of the illuminated hemisphere for visual
imaging from the S/C is also required. This con-
flicts somewhat with the previous requirement for
polar viewing, but a compromise is possible;

4) Viewing of the hemisphere about the subearth point
is required for bistatic radar mapping;

5) Entry should be as near subsolar as possible and such
that the winds will drive the BVS up to a high lati-
tude or pole;

6) Earth occultation of the S/C, preferably over a polar
region, is desirable;

7) A short period orbit is desirable for determination
of the wind patterns from BVS tracking.

Other mission constraints effecting the trajectory and entry
location selections include the following:

1) The desire to use solar cells as a power supply

strengthens the requirement that entry be within 70°
from subsolar;

2) Uncertainty in the BVS temperature change across the
terminator makes it desirable to choose an entry point
that maximizes the light side BVS mission;

3) Entry and deployment within view of earth (within 60°
of subearth) is desirable for the 1973 orbiter mission
and mandatory for the 1972 flyby and 1973 Venus/Mercury
swingby missions. For the latter missions, the BVS
should also remain within 60° of subearth for at least
50 hr;
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LAUNCH DATES:

1 21 Oct. 1973
3 26 Oct. 1973
7 10 Nov. 1973

Periapsis

Venus encounter as seen from earth

North

60° from
south east

Spacecraft
orbit plane

To
Incoming \Spacecraft
asymptote | periapsis

Subearth

Flyby spacecraft trajectories as seen
from above neminal flyby trajector
plane, For 5 Feb, 74 arrival at Venus,

Terminator

South

Launch dates: North

21 Oct. 1973
25 Oct, 1973
26 Oct. 1973
31 Oct. 1973
5 Nov. 1973
10 Nov. 1973

L N

Flyby trajectories as seen from
Barth for 5 Feb, 1974 arrival at
Venus,

Figure 33.- 1973 Venus Mercury Swingby Trajectories
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4) The 50-year orbiter lifetime requirement restricts
the choice of orbits for the 1973 mission. Propulsion
weight limitations also dictate the choice of highly
eccentric orbits (~0.8);

5) Entry flightpath angles are generally restricted to
the range +5° about -30°. However, a range of +10%or
+15° is not out of the question.

The baseline trajectories and entry points which were selected
after consideration of these general constraints are summarized
in table 11 for each opportunity. Other selections are possible
and some of these will be discussed below.

1973 Venus Orbiter Mission

The baseline approach trajectory and orbit are shown in figure
31. The choice of this trajectory was dictated mainly by the re-
quirement for a 50-year orbit life (fig. 32). The range of orbits
that satisfy this constraint and which allow entry near the sub-
solar point are depicted in figure 32. As can be seen, none of
the entry points are within view of Earth. Aside from this, the
entry points are ideal for the BVS mission; they are close to the
subsolar point and the expected winds will carry the BVS toward
the terminator.

A more optimum BVS mission is obtained at some expense to the
orbiter mission because close polar viewing is at tangential angles
and the Earth occultation is not an optimum. Better viewing of
the polar region can be obtained by raising periapsis; this would
also increase the BVS-to-orbiter communication time. Although the
Earth occultation is not the best for probing the neutral atmosphere
below the clouds, the signals will probe the plasma pause and ion-
ospheric transition region very effectively. In addition, signal
loss will probably not occur, and continuous closed loop data will
be obtained from entry to exit.

1972 Venus Flyby Mission

The encounter geometry and baseline trajectory for this mis-
sion are shown in figure 30. The choice of entry point is dic-
tated by the requirements for a direct Earth link and a light
side entry. These define an entry area as shown. The wind drift
trajectories for an entry closest to Earth cause the BVS to drift
toward the terminator and the subearth point.
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TABLE 11. - TRAJECTORIES AND ENTRY POINTS

1973
1972 1973 Venus/Mercury
Trajectory flyby with orbiter with swingby with
(first day launch) BVS and probe | BVS and probe | BVS and probe
Type ’ I 11 I
Vg km/sec 5.00 4.32 8.03
rp, km 8050 8050 11 680
Inclinationa, deg 129.46 134.80 -18.6
Right ascensiona, deg 80.00 357.00 316,75
Argument of periapsisa, deg 60.64 77 .95 -33.96
e (orbit) ——— 0.8 ——
Entry angle, deg -30 -30 -35
Entry latitude® deg 13.5 9.1 beo41
Entry longitudea, deg 68.5 347 .7 b~120

solar point,

b . . .
Entry is on far side from spacecraft trajectory.

3Reference system is Venus orbital plane with zero longitude being the sub-
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Neither Earth occultation nor good viewing of the pole are
possible. Polar and Earth occultation trajectories are also
shown. The entry points for these, while in view of Earth, are
on the dark side. An out-of-plane entry is required for these
trajectories if the BVS is to be deployed on the light side in
view of Earth. This is to be desired because the flyby trajec-
tory will give an optimum Earth occultation over the north pole
and allow scanning of the polar regions.

1973 Venus/Mercury Swingby Mission

The choice of trajectories for this mission is restricted
to a very narrow range as shown in figure 33. As can be seen,
Farth occultation is obtained in all cases but polar viewing is
near tangential.

The encounter geometry for an October 26, 1973 launch date
and a February 5, 1974 arrival places entry points within view
of Earth on the dark side, while those beneath the spacecraft
trajectory are out of view of Earth. Thus, an out-of-plane entry
maneuver is required. The entry point closest to earth has been
selected. From this point, the BVS will drift toward the equator
and the subearth point. The BVS mission is entirely on the dark
side.

The 1973 BVS/orbiter mission accomplishes the high-priority
objectives to a much greater degree than the other two missions.
The baseline 1973 BVS/orbiter mission falls short of being ideal
for the high-priority objectives in that direct measurements of
surface temperature at the poles (with a drop sonde) are not pos-
sible according to the wind drift model. If the entry point
could be shifted to a point about 25°N lat and 6 or 7° longitude,
the wind patterns predict that the BVS would drift to higher lati-
tudes and perhaps directly over a pole. However, this requires
an orbit with a lifetime of less than 50 years or an out-of-plane
entry maneuver. The latter is probably required.

An orbiter mission (with relay link) is the only one that
offers the possibility of reaching a pole because flyby missions
imply a direct link to Earth and the poles are always on the Earth
view horizon. While not impossible, the use of the flyby space-
craft as a relay link between Earth and a probe to a pole is ex-
tremely impractical (and short lived), especially for the 1973
Venus/Mercury flyby.
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Therefore, on the basis of accomplishment of the high priority
Venus objectives, the 1973 baseline orbiter/BVS mission is the
best of the ‘three. The 1973 Venus/Mercury flyby is the least
satisfactory in terms of accomplishing the Venus objectives. It,
is not within the scope of this report to argue the relative
merits of Venus vs Venus/Mercury missions, but it is clear that.

a Venus/Mercury mission restricts the accomplishment of Venus
objectives.



OPERATIONAL COMPLEXITY

To assess the relative complexity of the three missions, the
comparison was made in terms of the subsystem equipment complexity
and in terms of the complexity of the sequence of operations re-
quired. Table 12 lists the differences in each subsystem required
by the missions.

Three subsystems have significant differences, the deflection
propulsion subsystem, the radio subsystem, and the attitude con-
trol subsystem. The orbiter mission requires a maximum velocity
increment of 250 m/sec compared to 50 m/sec for the Venus flyby
and 93 m/sec for the Venus/Mercury swingby. This increased im-
pulse requirement for the orbiter resulted in the selection of
the lunar orbiter, bipropellant engine as being more weight effec-
tive, although the more complex bipropellant engine is not an ab-
solute requirement. The radio subsystem of the Venus flyby mis-
sion is the most complex of the three missions because it contains
two separate rf systems. The attitude control subsystem is re-
quired only on the Venus/Mercury mission, to provide an angular
change of the capsule spin axis of approximately 70° for entry.

To compare the sequence of operations, figure 34 shows func-
tional block diagrams for the three missions. The blocks énclosed
in dashed lines represent spacecraft functions. The solid lined
blocks are BVS functions that are equivalent except as noted in
table 12.

The orbiter mission contains three additional major functions
that are required for BVS success. The orbiter must be inserted
into orbit and perform a portion of its orbital science mission
before the separation of the BVS capsule. In addition the orbiter
must survive throughout the BVS mission to serve as a data relay
station.

-The Venus flyby mission requires the spacecraft relaying entry
data, which requires the spacecraft life to be extended a little
over two days beyond capsule separation. This includes the re-
quirement for attitude control, electric power and sequencing, as
well as relay radio equipment that was considered in the radio sys-
tem equipment complexity. The Venus/Mercury mission, on the other
hand, requires no spacecraft functions beyond the common launch
and interplanetary cruise. .

As may be seen from table 12, the orbiter mission is more com-
plex in terms of functions that must be performed.
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COST AND SCHEDULE

BVS costs for three missions are compared in table 13, Costs
are shown for a 1973 flyby mission in lieu of the 1972 flyby mis-
sion because of the impracticality of implementing the 1972 mis-

sion at this late date. Schedule spans are compared by program
phase in table 14,

The program master schedule for the 1973 Venus orbital entry
mission is shown in figure 35 from the issuance of a Phase C and
D request for proposal (RFP) through Venus encounter and the sub-
sequent mission activities. A competition for Phases C and D is
assumed, with the contractor selected for Phase C also performing
Phase D. An 8-month span for the performance of Phase C has been
selected. Similar programs or proposed programs that have pro-
vided a basis for this time estimate are Mariner Mars 64, Voyager
spacecraft, Applications Technology Satellite, and the Synchronous
Meteorological Satellite.

Considering anticipated funding, 5 months of Phase C will oc-
cur in FY 70 and three months in FY 71, and then a 2-month period
to negotiate Phase D. The result of this planning is to avoid
Venus mission expenditures in FY 69 and provide for limited ex-
penditures in FY 70,

Products of the Phase C effort include the detailed definition
of the selected configuration and the breadboarding of critical
systems and subsystems that provide reasonable assurance that the
technical milestone schedules and resources estimates for the next
phase can be met. A firm price proposal is prepared for Phase D
and submitted along with the program plans (Configuration Manage-
ment, Reliability, Sterilization, Quality Assurance, Program Con-
trol, etc.).

Phase D will begin in December 1970, which provides for a 35-
month program to a launch on November 1, 1973. The Phase D sched-
ule provides for a minimum of overlap of the major activities en-
suring a maximum confidence level in the success of the next step.

Engineering release and fabrication of the engineering test
model from nonflight hardware begins in the first year of Phase D,
to provide early system evaluation and identification of major
system problems. The proof test model tests will be completed
before the acceptance of the first flight article assuring that
the flight articles are of the same configuration as the article
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"TABLE 13. - BVS PROGRAM COST GOMPARISON BY PHASE

Cost, FY68 dollars

Mission Phase C Phase D Total
1973 orbital 8409 x 102 | 112 861 x 102} 121 270 x 103
1973 Mercury/Venus | 9744 125 540 135 284
1973 flyby 8637 118 380 127 017
. TABLE 14. - SCHEDULE COMPARISON BY PHASE
Time, months
Mission Phase C Phase D Total

1973 orbital 3 837 45

1973 Mercury/Venus 8 36.5 44,5

1972 flyby 6 bzo 26

a R
Includes 2 months for Phase D contract negotiations.

b1973 flyby schedule is essentially the same as other
1973 missions.
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that has successfully completed systems qualification testing.
The technical areas that require advancement of the state of the
art such as the heat shield, the flotation system, and certain
science instruments would be started and conducted under support-
ing research and technology programs on a time schedule that will
support this program master schedule. Additional detail to sup-

port this program schedule is shown in the lower tier schedules
provided in this section.

Figure 36 is a schedule of the Phase C program activities.
At the initiation of Phase C, the basic mission specifications,
design data for the selected orbiter, and a preliminary science
list provide the basis for the design analyses and the resulting
specifications.

Program plans for Phase D are submitted and negotiated during
this phase. They provide the basis for the Phase D proposal sub-
mitted at the conclusion of Phase C.

The primary emphasis during Phase C is the accomplishment of
design analyses and preliminary engineering to enable the prepara-
tion and negotiation of program specifications. For hardware and
software (computer programs), a recommended contract end item list
is submitted for approval. JInterface specifications defining the
interfaces between the BVS and the orbiter, the BVS system and the
facility/launch pad, and the BVS and the science instruments that
are assumed to be government-furnished property are prepared and
negotiated. Science instruments present a peculiar problem in
that they are provided by various sources having varied types of
management and technical controls.

The planning effort in Phase C consists of the preparation of
detail schedules and program controls for the performance of Phase
D.

In Phase C, the initiation of long-lead procurement actions
occur on program go-ahead. This Phase C schedule does not show
development of the balloon flotation system and the heat shield,
which occur under supporting research and technology (SRT) pro-
grams. These programs are carried through the development phase
that coincides with Phase D hardware requirements.

The long-lead items worked directly in Phase C are the silver-
zinc (Ag-Zn) battery and the design of the BVS structure. The
Ag-Zn battery has been included as a long-lead item, even though
there are development programs in progress.

The design of the structure is initiated in Phase C so that
structural test models and a structure for the Engineering Test
Model (ETM) may be fabricated early in Phase D.
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[ VR SR
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Figure 36,- Phase C Schedule, 1973 Orbital Mission
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The schedule for Phase D is shown in figure 37. Emphasis is
placed on having proven hardware for the systems qualification
testing, proof test model (PIM), which will reduce the time re-
quired for system qualification. Reutilization of test models
reduces program costs and provides schedule incentive as the
availability of these . _.dels control the succeeding task. Empha-
sis on the development stage of the hardware program with a mini-
mum of overlap with the qualification program provides schedule
recovery capability and the ability for program management to
exercise alternatives in the development stage. Breadboard/brass-
board development commence shortly after the start of Phase D and
lead to the production of hardware for development testing the
subsystems and for the ETM, which is used for development testing
at the system level.

Structural test models are built early in Phase D to verify
structural integrity and the capability of the various structural
modules to separate as planned. The structure used for the struc-
ture separation tests will be used to conduct the thermal effects
tests. Upon completion of the thermal tests, the structure is
used for the structure of the EIM.

Verification or qualification tests are conducted on the en-
try flotation components to assure proper operation of this sys-
tem with qualified hardware. These aircraft drops provide for
the main chute deployment, which in turn provides for balloon de-
ployment and inflation.

The ETIM is used to verify the BVS systems operations. At the
completion of testing at the contractor's plant, the ETM is mated
with the orbiter at a location designated, and interface testing
with the orbiter is conducted. When these tests are completed,
the BVS is transported to Goldstone to conduct compatibility tests
with the Deep Space Net (DSN). The ETM is then returned to the
contractor's plant to serve as a vehicle to analyze any problems
found on succeeding vehicles and to serve as a training aid for
the test crews and mission operations team.

The PTM is used to qualify the BVS gystems. After completion
of the PTM tests, the vehicle is shipped to KSC to act as a path-
finder in the checkout, sterilization, and launch facilities to
verify procedures and provide crew handling and checkout training.

Science instruments and their associated operational support
equipment (OSE) are provided by the government. The schedule
shows the delivery requirement for this equipment at the contrac-
tor's plant to mate it with the data acquisition equipment before
installation in the vehicle.



1971 1972 1973 1974
Miaiu|dialatslolna]p Flulalu] Jslalslo|n]ola|F|ulalulililalslo]s]D]la M 34
Program reference
Design development
Quaiification testing, component A
ETM, system development tests B5Y Test
PTM, system qualification As: Test
Flight article fabrication/acceptance [As:
Design development and component qualification 7 7N 7 7
Science instruments available | /\EM /\et x SE
Orbiter hardware
Models
Soft mockup
Structural test model Fab 'Test
Structures separation test model T T3
Thermal model tests
Subsonic probe and drop sonde qualification
Verification tests Structure to DM
Descent flotation tests, qualification j -
Propulsion tests i
BVS/orbiter ‘interface
DSN compatibility test, Goldstone |
EIM - systems development tests i ™™ ETM to contractor plant
nterface test 4 ¥ t 4
Assembly and subsystem test 1 L SuppottttrLinkn
System and environmental test — |
Space simulation IEEE
PIM - systems qualification 4 05 For Pathbinder
Assembly and subsystem test
System and environmental test 1 ; light support
Space simulation "
Flight article
Assembly and subsystem test
System and environmental test
Space simulation
Flight spare
Assembly and subsystem test 1
System and environmental test
Space simulation
0OSE
Hardware development iC design STC fab STC_verification
Software developument SveTop Softwar plog%;m; . i : be;if{cation i Update | Flight regmts
EANVNEZNTAN ORI
Prelaunch operations AT apsE P s
Pathfinder operafions | 1 Ll
Prelaunch operations verification * -
Flight readiness operations 11
Flight operations Flanning 79 Tioh AN — /1“2\

Legend:

1 Development enginéering available

2 Development hardware available

3 Critical design review

4 Qualification test complete, component
5 Master gage for interface verification
6 Orbiter structural model available

7 Thermal control model available

8 Orbiter for interface tests

9 Missions operations plan update
10 DSN compatibility check

11 Final space flight operations plan

12 Mission operations team certified

Figure 37.- Phase D Schedule, 1973 Orbital Mission
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The OSE schedule for this program is predicated upon the use
of a computer for checkout procedures. The Systems Test Complex
(SIC). equipment is used for all systems tests at the contractor's
plant and at KSC, thus assuring commonality of equipment. Test
equipment and test tools are used for component and subsystem
tests.

1973 VENUS ORBITAL MISSION

Program Costs

Estimated total program cost for the 1973 Venus orbital mis-
sion is $255 710 000 as shown in table 15. This total excludes
$3 190 000 for the development of the heat shield and the flota-
tion system as these are considered to be supporting research and
technology items.

Methodology

The basis for the BVS cost is the reference configuration as
detailed in volume III of this report. The work breakdown struc-
ture (fig., 38) identifies the cost elements to which each depart-
ment estimated labor, material, subcontract, and direct charge
requirements. Costing ground rules are as follows:

1), The program consists of one launch from AFETR with
one complete backup flight article;

2) Government costs such as range support, operation of
DSN, and other NASA activities, including program
management and technical direction are excluded;

3) All costs are FY 1968 dollars;

4) No facility costs are included;

5) The dollars shown contain labor, material, subcontract,
direct charges, overhead, and G&A applications, and

profit;

6) All science instruments were assumed to be developed
by industry with limited assistance from universities;

7) Propellant costs are excluded;
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8) TLaunch vehicle is a Titan IIIC;

9) Sterilization is by dry heat only.

VENUS 1972 FLYBY MISSION

The master schedule for the Venus 1972 flyby mission is shown
in figure 39. This mission launch period occurs 19 months earlier
than the 1973 launch period major program activity. This may in-
crease the schedule and technical risks for this mission.

The major schedule differences between the 1972 and the 1973
mission, using the same assumptions previously stated for the 1973
mission, are:

1) Phase C has been shortened from 8 to 6 months. This
shortened span results in the specification prepara-
tion, design analyses, and preliminary design occur-
ring simultaneously;

2) Phase D will immediately follow Phase C for the 1972
mission, rather than be separated by a 2-month Phase
D negotiation period, as provided for in the 1973 mis-
sion schedule.

The design development phase has been shortened 4 months, in-
creasing the requirement to use previously developed hardware.

Component qualification has been shortened from 12 to 8 months.
Note that component qualification is still being conducted while
the flight article is in the final assembly and acceptance test
phase. To lessen the risk, the method selected was to combine
the ETM and PTM objectives into one test article. The test arti-
cle would be built as soon as feasible in Phase D, using qualifi-
cation configured hardware, and systems testing would be conducted,
and hardware updated or replaced depending on component qualifica-
tion results. After component qualification is completed, systems
qualification is conducted.

It was concluded that the schedule risks involved make the
1972 mission significantly less attractive. For this reason, de-
tail plans are not presented; however, for comparison, the costs
for a 1973 flyby mission are considered below.

77



uoTSSIH £qATd TL61 ‘oINpIYdS I03sE -'6E 9INBI

suorieasdo 3yd114d

suoizexado 98y

@oueidedor/uoTILOIIQRI STOTIIe IYSTTL

uot3edT31TENnd pue juswdoToasq wolsAS ‘WId/WLE

jusuodwod “s1s93 UOTIBOTITTEND

juemdoTwasp udissq

[E——— — — a oseyd
e — 0 eseyd
pa3ztuqgns yesodoad g pue D Iseyd
v dd4d q pue D @seyd
T ——— £8o1ouyoey pue yoaessax Burizzoddng snusp
€ 4 € € €
clet T461 0L61 6961 8961

78



Program Cost

Estimated total program cost for the 1973 Venus flyby mission
is $251 457 000 as shown in table 16. This total excludes
$3 345 000 for the development of the heat shield and the flota-
tion system, as these are considered to be supporting research
and technology items. .

The basis for the BVS cost is the reference configuration as
detailed in volume IIT of this report. The work breakdown struc-
ture (fig. 38) and costing ground rules are the same as described
for the 1973 orbital mission. ‘

1973 VENUS/MERCURY MISSION

The schedule for the 1973 Venus/Mercury mission, as shown in
figure 40, is basically the same as for the 1973 orbital mission.
The launch period for the Venus/Mercury mission starts two weeks
earlier, which is insignificant when considering the total sched-
ule span for the mission.

When comparing the technical requirements of the Venus/Mercury
mission with the orbital mission, it is concluded that the differ-
ences create no overall impact on the Venus/Mercury mission sched-
ule. The inertial measuring unit required for Venus/Mercury may
become a long-lead item.

Program Cost

The estimated total program cost for the 1973 Venus/Mercury
mission is "$260 818 000 as shown in table 17. This total excludes
$4 375 000 for the development of the heat shield and the flota-'
tion system, as these are considered to be supporting research and
technology items.

The basis for the BVS cost is the reference configuration as
detailed in volume III of this report. The work breakdown struc-
ture (fig. 38) and costing ground rules are the same as used for
the 1973 orbital mission.

Two major configuration changes account for the increased cost
of the Venus/Mercury mission; adding an S-band communications link
to the telecommunications and an inertial measuring unit to the
guidance and control.

79



80

TABLE 16 .- TOTAL PROGRAM COST,

1973 FLYBY MISSION

Cost, FY68 dollars

Item Phase C Phase D Total
Buovant Venus Station
Program management 4060 x 10| 28 708 x 10%| 32 768 x 10°
Systems engineering, integration and
test 1934 15 612 17 546
BVS hardware
Structures and thermal 803 6 166 6 969
Propulsion 106 1 290 1 396
Aeroshell 269 2 686 2 955
Balloon flotation 246 6 211- 6 457
Guidance and control 142 1 348 1 490
Power, pyro and cabling 96 4 407 4 503
Telecommunications 316 14 362 14 678
Science 78 777 855
Production services 137 3 871 4 008
System operational support equipment 259 27 656 27 915
Mission operations 139 2 770 2 909
Logistics _52 2 516 2 568
Subtotal BVS 8 637 118 380 127 017
Subsonic probe 5 087
Mission integration 14 113
BVS science 12 240
Spacecraft 75 000
Launch vehicle 18 000
Total program cost 251 457
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TABLE 17.- TOTAL PROGRAM COST, 1973 VENUS/MERCURY MISSION

Cost, FY68 dollars

Item Phase C Phase D Total
Buoyvant Venus Station
Program management 4421 x 103 | 30 007 x 10° |34 428 x 103
Systems engineering integration and
test - 2038 15 931 17 969
BVS hardware
Structure and thermal 1085 6 114 7 199
Propulsion 106 1 290 1 396
Aeroshell 406 3 327 3733
Balloon flotation 246 6 211 6 457
Guidance and control 417 8 241 8 658
Power, pyro, and cabling 96 4 407 4 503
Telecommunications 264 12 424 12 688
Science 78 777 855
Production services 137 3 973 4 110
System operational support equipment 259 27 656 27 915
Mission operations 139 2 770 2 909
Logistics 52 2 412 2 464
Subtotal BVS 9744 125 540 135 284
Subsonic_probe 6 181
Mission integration 14 113
BVS science 12 240
Spacecraft 75 000
Launch vehicle 18 000
Total program cost 260 818




SUPPORTING RESEARCH AND TECHNOLOGY (SRT)

The results of this study have determined the requirement for
development programs to be initiated in 1969 for the BVS flotation
system and the heat shield. Some science instruments will also
require development. The development programs for the flotation
system and the heat shield are described in the following para-
graphs.

BVS Flotation System

The design of the BVS balloon flotation system is a vital de-
velopment task and is a critical factor in the performance of the
entire program. A schedule for the development of this system is
shown in figure 41. The completion of this program coincides with
the start of Phase D for the 1973 mission. The total cost for
development of the flotation system is $1 805 000. The tasks re-
quired to accomplish the development program and the estimated
cost for each task are described below.

Material tests.- Materials tests are described below.

Objective: To determine the best materials for constructing
a balloon that will withstand sterilization, packing, deployment,
and the Venus mission environment without significant deteriora-~
tion.
Scope: Phase 1 and 2 scope is as follows:
1) Phase 1,
a) Materials selection,
b) Materials characterization,
c¢) Screening;
2) Phase 2,
a) Investigate construction techniques,

b) Special environment tests,

c) Model tests.
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OQutput: Output includes

1) Material specification;

2) Recommended material;

3) Recommended construction techniques.
Cost: $100 000.

Diffuser evaluation.- Diffuser evaluation is described below.

Objective: Develop and build an inflation system diffuser
that will allow rapid balloon inflation from high-pressure tankage
blowdown without damage to the balloon.

Scope: Using results of previously derived data, design and
build a diffuser with diffuser sock for blowdown test. Design
and build both an orifice/nozzle type and a baffle type for paral-
lel testing.

Output: Outputs include

1) Diffuser design requirements;

2) Test results and recommendations on best diffuser de-
sign.

Cost: $15 000.

Packing/deployment tests.- Packing/deployment tests are de-
scribed below.

Objective: To determine the best method of folding, packing,
deploying and inflating the balloon to minimize possible damage
to balloon.

Scope: The scope is as follows

1) Design and build balloon canister;
2) Design and build deployment test rig;
3) Design and build test inflation sysfem;

4) Develop folding packing technique;

5) Perform tests.
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Output:

1
2)
3)

Cost:

Design criteria for the following are developed.
Balloon handling/packings;

Balloon canister;
Deployment sequence.

$40 000.

Balloon wind tunnel tests.- Balloon wind tunnel tests are de-

scribed below.

Objective: To study the qualitative and quantitative aspects
of the dynamics of deployment and inflation of a full-scale bal-

loon in an
Scope:

1y

2)

3)

4)

5)

Output:

1
2)

Cost:

airstream at the design dynamic pressures.

Scope is as follows.

Use NASA/Langley 30x60-ft full-scale wind tunnel;
Fabricate various balloons;

Design and build deployment packing rig and simulated
gondola;

Design, build necessary mockup inflation system for
wind tunnel testing;

Perform wind tunnel tests.
Output includes
Balloon/canister/deploy specification;

Recommendations for ballocon design, deployment se-
quence.

$100 000.

Inflation tank development.- The following paragraphs describe

inflation tank development.

Objective: To develop lightweight tanks using filament-wind-
ing techniques and metal liners.



Work statement: Work items include

1) Develop techniques for bonding tank liner portions to
each other;

2) Develop boss designs and transition areas to relieve
concentrated strains;

3) Develop analytical techniques to relate filament
stresses to tank pressure;

4) Fabricate test tanks;

5) Test tanks.
Output: A tank design specification will be prepared.
Cost: $300 000.

Flotation system air drop tests.- These tests are described
below.

Objective: To design and fabricate a complete flotation sys-
tem and test under simulated Venus mission conditions.

Scope: The scope of the effort is as follows.
1) Design a prototype flotation system;

2) Procure/fabricate all required hardware for two flo-
tation systems;

3) Assemble and conduct ground checkout of two flotation
systems;¥*

4) Conduct drop tests (six) at a government facility such
as Holloman AFB,.

Output: The output is
1) Flotation system design specification;

2) Prototype design for a basic flotation system.

*Included in checkout are wind tunnel tests using the Langley
Research Center 30x60-ft wind tunnel facility.
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Cost: $1 250 000.

The sequence of the complete BVS flotation system test program
through qualification is shown in figure 42,

Heat Shield

The development program is designed to proceed from resolution
of general problem areas for any type of Venus mission to a point
before the start of Phase C where the mission is adequately de-
fined with specific testing accomplished to support the mission.
This specific testing is completed by the time Phase D starts and
subsequent heat shield effort applied directly to the BVS program.
Figure 43 shows the proposed schedule for the development of the
heat shield.

Total program costs for the heat shield development are:
1) 1973 orbital - $1 385 000;
2) 1973 Venus/Mercury - $2 570 000;
3) 1972 flyby - $1 540 000.

Items 4 and 10 (fig. 43) are not requirements for the 1973
orbital mission, thus accounting for a lesser total cost.

Because of the greater entry velocity required for the Venus/
Mercury mission (approximately 44 000 fps), a greater amount of
analysis and testing is required.

The flyby mission requirements are similar to the orbit mis-
sion but do include tasks 4 and 10 (fig. 43). The tasks to be
accomplished in the development program are as follows (cost
shown for each task reflects effort for orbital or flyby mission).

Task 1, entry radiant and combined heating tests and analysis.-
The following paragraphs discuss task 1.

Objective: To confirm the ablation analysis model for the
degradation of candidate materials under these heating conditions
and to establish material ablation performance characteristics
(properties) for inputs to analytical ablation computations.
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Scope: The task will be conducted in two phases; Phase 1 will
involve exposing four or five candidate materials to various dis-
crete levels of "radiant-only" heating, 'convective-only" heating,
and selected combinations of combined radiant and convective heat-
ing. Comparison will be made of the test response with the pre-
dicted response from thermochemical theory to confirm the analyt-
ical model or dictate changes. Relating performance of the mate-
rials will also be ascertained. In Phase II, additional tests
will be conducted on one or two materials to establish preliminary
values for the material ablation properties. <Candidate materials
will include several variations of the modified ESA-5500 material.

Qutputs: Task 1 outputs include

1) Relative material performance;

2) Analytical model;

3) Preliminary ablation properties for selected materials.
Cost: $220 000.

Government facility requirements: Ames combined heating fa-
cility (current and '69 versions).

Task 2, CO- - char reaction, tests and analysis.- Task 2 is
described below.

Objective: To establish quantitively a method of accounting
for the presence.of CO, in the Venus atmosphere in performing
thermochemical ablation analysis.

Scope: Extend existing test data on graphite behavior in CO,
and CO--N, gas mixtures to include charring ablative materials of
interest (including modified ESA-5500), and to cover the range
of pressure and convective heating rates anticipated in entry.
Ascertain analytically whether differences observed (relative to
air atmospheres) are due to presence of atomic species or due to
different diffusion coefficients. Tests are conducted in the
plasma arc under very closely control conditions.

Output: An analytical procedure will be developed for pre-
dicting surface behavior of char in presence of CO,-N5 gas during

entry.

Cost: $160 000.



Task 3, mechanical erosion, analysis and test.- Task 3 is de-
scribed below.

Objective: To establish recession characteristics of candi-~
date materials under conditions of high surface shear forces (aero-
dynamic shear) and to determine an analytical model for correlat-
ing and predicting this recession for selected materials.

Scope: The task will be conducted in two phases. Phase I
will involve exposing four or five candidate materials to various
levels of shear, heating rate, and surface temperature. Candi-
date materials will include several variations of the modified
ESA-5500 silicone material as well as existing materials. In
Phase II, additional tests will be conducted on selected materials
for correlation with analytical procedures.

Qutputs: Task 3 outputs include

1) Relative material performance;

2) Analytical model;

3) Preliminary ablation properties for selected materials.
Cost: $200 000.
Task 4, entry ultraviolet radiation heating effects on mate-

rials study and facility feasibility study.- The following para-
graphs discuss task 4.

Objective: To determine if intense uv radiation causes a
different ablator degradation process than intense radiation in
the visible wavelengths and to examine the desirability and feasi-
bility of designing and constructing a high-intensity uv materials
test facility.

Scope: An ablation materials engineer and a physicist will
examine the problem theoretically and devise, if possible, a lab-
oratory experiment to demonstrate influence of high-intensity uv
on carbon and carbonaceous char materials. They will study the
possible ways of achieving a uv materials test facility, includ-
ing an Hy arc and concentrating energy from the uv portion of an
argon or xenon arc. Ways of filtering out unwanted wavelengths
will be examined.
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Output: Task 4 outputs include conclusions on the necessity
for uv testing and conclusions on the feasibility of developing
a uv materials test facility.

Cost: $45 000.

Task 5, fabrication process development.- The following para-
graphs describe task 5.

Objective: To develop techniques for applying ablative mate-
rials to large-diameter shallow-cone structures.

Scope: Examine techniques on small flat panels, through inter-
mediate size cones, and, finally, large-diameter parts. Investi~
gate staging of resin system for better handling, pressures re-
quired for good parts, cure cycles, influence of sterilization
temperatures, etc. Prepare and maintain a heat shield fabrica~
tion process. Assist in development of materials requirements
and acceptance criteria.

Output: Engineering process documentation for heat shield
will be developed.

Cost: $120 000.

Task 6, material specifications development.- Task 6 is de-
scribed below.

Objective: To prepare material specifications and monitor
control test data during early purchases to ascertain a degree of
material reproducibility.

Scope: Define the tests to be performed that will evaluate
and control all raw materials used in the heat shield (primers,
resins, cloth curing agents filler materials, treatment fluids,
adhesives, fiber materials, etec.). Conduct laboratory studies on
mixing variables and filters to control density. Evaluate vari-
ables such as pot life, primer effectiveness, moisture content
control, etc. Assist in basic heat shield design concept develop-
ment.

Output: A heat shield material specification will be prepared.

Cost: $§70 000.



Task 7, thermal and mechanical property tests.- The following
paragraphs describe task 7.

Objective: To obtain values for thermal and physical proper-
. ties of candidate ablative materials for inputs to ablation anal-
ysis and thermal stress analysis computer programs.

Scope: Laboratory 'coupon" tests will be conducted to obtain
candidate heat shield material properties including thermal con-
ductive specific heat, stress/strain relations, coefficient of
expansion and reaction kinetics. These will be obtained to sup-
plement existing property data and will be concentrated on the
modified silicone material for which little data currently exist.
The upper temperature range will be 2000 to 3000°F; low tempera-
ture limit will be -150°F. Property data above laboratory capa-
bility temperature will be derived from ablation tests in arc and
radiant facilities (see tasks 1 thru 4).

OQutput: Material property vs temperature data will be devel-
oped.

Cost: $125 000.

Task 8, nonentry environmental tests.- The following paragraphs
describe task 8.

Objeotive: To evaluate the compatibility of heat shield mate-
rials with the environment encountered from fabrication to the
start of atmospheric entry at Venus.

Scope: Expose candidate heat shield materials to environment-
al conditions established for each phase of the mission excluding
entry, and measure any change in properties that effect entry per-
formance, e.g., conductivity, elastic modulus, stress/strain char-
acteristics, etc. Also, measure effects of offgassing products
relative to deposition on optical or thermal control surfaces.

The exposures will include humidity, vacuum, temperature, radia-
tion, and contact with thermal control coating.

Output: Task 8 output will include data on the relative per-
formance of ablative materials and specific performance of selected
materials under the exposures listed above.

Cost: $110 000.
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Task 9, ablation analysis computer program update.- Task 9 is
described below.

Objective: To include the capability for handling the aspects
of ablation peculiar to Venus entry in the existing T-CAP ablator
program.

Scope: The findings of the studies concerning the CO,-char
reaction, combined radiative and convective heating uv influence,
and mechanical erosion will be incorporated into the existing
computer program.

Output: Current programs will be revised to include boundary
layer/ablator interaction update and internal reactions in char
update.

Cost: $110 000.

Task 10, heat shield thermal stress and loads stress analysis
and test.- The following paragraphs describe task 10.

Objective: To determine the influence of temperature gradients
through the ablator on

1) Tendency for surface spallation or cracking during
entry and during cold socak before entry;

2) Overall tendency of ablator to pull away from sub-
strate during entry and during cold soak before entry.

Scope: Thermal stress analyses will be made for three candi-
date materials including rigid high-density material, rigid low-
density material, and an elastomeric material for the two condi-
tions listed above. 1In addition, tests will be defined and con-
ducted on scaled-down heat shield parts. Material properties used
will be obtained from existing data supplemented by task 7 results.
Heating will be provided either by large nozzle plasma arec, radia-
tive lamps, or surface resistance heaters as determined during
experiment design phase.

OQutput: Quantitive information will be developed relative to
thermal stress behavior of candidate materials, and a preliminary
estimate of thermal stress levels during anticipated missions will
be prepared.

Cost: $90 000.



Task 11, ablation analysis support of mission analysis and
vehicle configuration studies.- Task 11 is described below.

Objective: To maintain an up-to-date set of entry environment
conditions for use in defining test programs such as tasks involv-
ing CO5, uv, combined heating, thermal stress, etc.; and to assist
in mission selection and vehicle configuration studies.

Scope: Conduct ablation analyses for various materials con-
figurations and missions as required. Use existing T-CAP III com-
puter program and existing ablation property data.

Output: Heat shield thickness requirements, temperature gra-
dients, backface temperatures, etc. will be developed for various
missions and configurations.

Cost: 8§75 000.

Task 12, design material property tests and confirmation of
ablation analysis model.- The following paragraphs describe task
12.

Objective: To establish the characteristic material perform-
ance parameters of the selected materials at conditions represen-
tative of critical times in the anticipated entry trajectory; and
to confirm the analysis model and procedures used in ablative
design computations.

Scope: Small models will be exposed in the radiant heat, con-
vective heat, combined heat, and shear force facilities at levels
selected from specific entry trajectory environment plots. Suf-
ficient numbers of models will be tested at each point to estab-
lish scatter patterns. A limited number of heat points will be
selected. A second type of testing will involve conducting time-
dependent heat pulse tests to compare with analysis results (tem-
perature recession and char depth histories) calculated using the
test heat pulse as the input. Agreement will constitute qualifi-
cation of the analysis procedure (model) and the design properties.

Output: Task 12 outputs include
1) Design properties of selected ablator;
2) Confirmation of ablation analysis procedure,

Government facilities, modes, materials: The Ames combined
heating facility.

Cost: $145 000.
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Task 13, design criteria development.- The following paragraphs
describe task 13.

Objective: To establish a set of criteria for the design of
the heat protection system that will yield a system capable of
meeting the mission objectives with a confidence level consistent
with that of the rest of the vehicle subsystems.

Scope: First, a quantitive estimate of the variability (fre~
quency distribution of each parameter influencing the heat shield
design will be obtained. Next, sensitivities of heat shield re-
sponse to various levels of these parameters will be established
(by use of the ablation analysis computer programs). Finally, the
net variation in the output quantities of the heat shield design,
i.e., thickness required, surface recession, internal temperature
and char penetration depths will be calculated for the anticipated
range of variation of input parameters, i.e., heating rate predic-
tability, atmospheric density variations, entry angle variations,
material property variations, etc. These results (output varia-
tions) will be used to establish required tolerances on design
temperatures, recession, etc., or to establish factors to use on
input quantities such as heating rates, pressures, etc.

Output: Heat shield design criteria will be developed.

Cost: $70 000.

A flow if all test activities associated with the heat shield
is shown in figure 44.

Science Instruments

For the purposes of this program plan, it has been assumed
that the science instruments would be supplied by the government.
All planning and cost data presented herein reflect this ground
rule. However, to present a complete plan for the BVS system,
consideration must be made of the cost and schedule effects of
these instruments. Table 18 presents a composite picture of the
science instruments used on the three missions. These are instru-
ments located in the BVS only. The list remains the same for each
mission.

Estimated lead times and cost for technology development and/
or new design is included under the '"Development' columns. Sched-
ule and cost for those items that are specifically allocated to a
mission are included under the "Production'" columns. This includes
any qualification testing necessary. Figure 45 depicts the gener-
al development flow of a typical science instrument.
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TABLE 18 .~ SCIENCE INSTRUMENTS

Lead time, month
State of development Prod

Science experiments Design Technology] Develop (a) Cost, $
Triaxial accelerometer Current Current N/A ; 6 315 x 108
Pressure sensors o Current Current N/A } -9 300
Temperature Sensors Current Current —| N/A 6 250
H,0 vapor sensor/ | New New 10 8 460
Light backscatter New Current 10 -8 450
Solar aspect angle sensor Current Current N/A 12 150
Viéual photometer Current CurrentJ N/A 12 300
Mass spectrometer Current Current N/A 12 1015
Beta source densitometer Current Current N/A 12 600
Insolation radiométer Current Current N/A 12 150
UV photometers Current Current N/A 12 500
Gas chromatograph Current Current N/A 12 1750
Mini biolab New New 15 9 3000
Radar altimetef New Current 15 9 3000

#Includes required qualification testing.
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DEVELOPMENT REQUIREMENTS

No significant differences in technology requirements have
been identified for the three missions, except to the extent that
the 1972 mission provides more stringent schedule requirements.
It is recognized that for either 1972 or 1973, the development of
many of the individual systems and components will represent a con=-
siderable challenge, such as development of sterilizable or high-
acceleration equipment; however, with few exceptions, the systems
described are within the state of the art and will not represent
significant development risk. '

ATMOSPHERIC ENIRY

The missions under consideration involve severe entry environ-
ments as a result of approach velocities ranging from 32 000 to
44 000 fps. Attempts to reduce these velocities by modifying the
launch windows do not produce significant results. (The entry
environments are discussed in more detail in volume II of this
report.)

Heat Shield Considerations

Although wide variations in entry conditions are involved in
the three Venus missions studied, it appears that essentially
state-of-the art ablative material systems can provide the re-
quired protection for the aeroshell structure for any of the
missions. One of these materials, carbon-fiber reinforced pheno=-
lic, appears capable of providing protection throughout the entire
range of missions; however, other materials appear more desirable
for the lower and intermediate velocity missions because of their
lower density (lower heat shield weight) and their flexibility.

In particular, a modified version of a state-of-the-art elasto-
meric material, a carbon-reinforced silicone, affords such ad-
vantages for the direct (36 000 to 38 000 fps) and orbital entries
(32 000 fps).

The subject of various material possibilities is discussed
elsewhere; however, all candidate materials have a common require-
ment for formulation and fabrication development to adapt them
to the BVS aeroshell configuration and preflight sequence of
events, e.g., sterilization and decontamination procedures and



a requirement for substantial testing to characterize their per-
formance in the Venus entry environment. These tests are required
in spite of the extensive background of earth entry flights and
ground tests existing for several of the candidate ablative ma-
terials for several reasons, First, the more rapid density bulilde
up of the Venus atmosphere, the high percentage of CO2 in the at-
mosphere, and the high entry velocities combine to produce some
unique conditions, including:

1) High levels of radiation heating from shock layer
gases;

2) Concentration of the radiation in the uv wavelengths;
3) CO,-char reactions;

4) Significant surface shear levels in combination with
high surface temperatures occur over an extremely
large area of the vehicle.

Second, the use of rigid materials such as carbon phenolic with
the BVS configuration introduces potential problems with thermal
and load-induced stresses, which have been of .less concern in
previous applications.,

The heat shield design and weight studies conducted in sup-
port of the mission analyses and reported herein have accounted
for the above factors in what is believed to be a conservative
fashion, but confirmation of the characteristics of material re-
sponse by ground tests is required. The degree of completeness
with which such ground test programs can be accomplished decreases
with increasing velocity. This results in an increased dependence
on analysis and, consequently, an increased though still accept-
able risk level associated with the designs for high velocity
missions.

A program for the development of the heat shield could be
conducted in four phases as summarized below.

First, small models of several different materials would be
exposed to selected levels of combined radiative and convective
heating in radiation-supplemented plasma arc heat sources (Ames
facility primarily), to shear forces at high temperatures in
pipe flow tests (plasma arc facility), and to "splash" tests in
a CO,-operated plasma arc to obtain comparative performance and
to establish an ablation model for the various mechanisms of deg-
radation involved. Second, material candidates would be narrowed
to one or two, and additional tests would be conducted to verify
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the ablation mechanism model and to establish preliminary abla~-
tion property data. In the third phase, the material(s) selected
would be completely characterized by in-depth testing at test
points representative of critical conditions in the anticipated
mission profile. Finally, thermal-structural verification would
be conducted on large-scale parts of the aeroshell with the heat
shield installed. Facilities for the latter tests would depend
on final design and might include use of large-nozzle plasma arcs,
banks of resistance heater elements, or, conceivably, large com-~
bustion devices (rocket engine exhausts). Concurrent with the
early phases of the program would be uv radiation exposure experi-
ments, material and fabrication process development work, and ex-
posure of materials to the nonentry environmental aspects of the
mission. Also included would be thermal stress panel tests.

A required corollary program to the material development
program is one concerned with the predictive methods for radia-
tive heat transfer to the vehicle surface from the shock layer
gases, At present, little shock tube data are available for high
percentage CO, gas mixtures for either equilibrium or nonequilib-
rium conditions. Also, the question of the influence of absorp-
tion by ablative products of radiant energy has not been treated

thoroughly as yet. An experimental and theoretical program to
establish radiation heating techniques should be conducted to re-

duce the requirement for the large tolerances on heating currently
employed. and to remove any question than even higher ones should.
have been employed.

The major impact on the heat shield design of increasing the
entry velocity to 44 000 fps for Mercury swingby missions is seen
to be limiting candidate materials to the rigid, dense ablators
because of the increased recession potential that steps up the
heat shield weight and increases the requirement for large-scale
testing. It increases the uncertainty of radiation heating pre-
dictions and it makes a less complete simulation of combined
entry parameters possible. All of these factors result in in-
creased program costs.

Differences in the heat shield between the 32 000 and 38 000
fps are less pronounced, with the reduction of uv radiation in-
tensity and the existence of relatively low surface temperatures
simplifying the test situation, but not necessarily changing the
material selection picture.

The achievement of an understanding of the ablative material
response through testing and analysis, as well as developing a
better understanding of the subject of radiative heating predic-
tion, represent technology developments that are necessary to the
achievement of a reliable heat protection system for any of the
BVS missions.



Deceleration Consideration

The deceleration environment, while severe, is considered to
be within the capability of existing design techniques, although
problems may be encountered in the area of development of the
science instrumentation.

FLOTATION SYSTEM

The balloon synthesized for the mission under consideration
is an 18-ft hydrogen-filled superpressure balloon. It is identi-
cal for all three missions, extracted from its container by a
parachute and inflated by blowdown of high pressure hydrogen gas
from manifolded tankage. All operations are performed at low,
subsonic velocities =-- the balloon inflation at less than 30 fps
(q = 1 1b/£t®), and, at the time of deployment, the balloon con-
tainer pressure will approximately equal the ambient pressure
(-9 psia).

Generally, similar balloons (superpressure, Mylar construc-
tion) have been flown successfully for long duration by Natiomnal
Center for Atmospheric Research (NCAR) under the GHOST program
and deployments under similar flow conditions have been accom-
plished by Air Force Cambridge Research Laboratory.

This concept has been extensively simulated by computer
model (see vol. ITI of this report) and has proven to be general-
ly insensitive to inflation rate, altitude, or atmospheric model.
By virtue of the design, wherein the hydrogen is initially cooled
by expansion, it is possible to fill with an initial excess of
gas that is vented through a pressure-relief system as the gas
warms. In this manner, the requirement to meter a precise amount
of gas is avoided, and the system is able to adapt to a range of
atmospheric conditions.

A system (deployed remotely, designed for sterilization, long-
term storage, high reliability with no pinholeing) must be develop-
ed and demonstrated. The problems anticipated in such a develop-
ment may be summarized as follows:

1) Selection of a material suitable for the environmental
requirements (particularly sterilization);

2) Development of fabrication techniques for best control
of the properties of the manufactured balloon;

3) Demonstration of a complete flotation system.
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A development plan for this system is described in this re-

port.

OTHER TECHNOLOGY

Other design and study items of interest are listed in table
19. As indicated each of these would enhance the buoyant station
mission although they are not necessarily critical to the feasi-

bility of the mission.

Table 20 lists the major areas of system design that have
critical features with respect to the baseline design.
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TABLE 20 ,- HARDWARE DEVELOPMENT FOR BASELINE SYSTEM

Item Characteristic Status
Experiments
H,0 vapor sensor ——— New technology
Minibiolab ———— New technology
Drop sondes 5 1b Develop for high temper-
t +
Subsonic probe 85 1b ature pressure
Balloon system
Balloon Superpressure In development, design
18 ft diam, based on NCAR-ghost bal-
hydrogen gas, loons
supports 175-1b
gondola
Tankage Aluminum-lined,

Telecommunications

None

Power

Sterilizable
batteries

Structures, mechanisms

Biocanister

Heat shield

glass filament
wrapped

Silver-zinc
1.2 to 15.6 A-hr

0.010-in. aluminum,
vented

Carbon-filled,
elastomeric sili-
cone ablator, 8.,5-
ft diam blunt cone
shape

Development required,
Development for boron and
carbon filament tanks
appears more promising,
save 30 1b

Under development by Elec-
tric Storage Battery Co,
(JPL contracts)

Biofilter requires develop-
ment

In development at Martin
Marietta Corporation,
ESA 5500 (M)
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CONCLUSIONS

The Buoyant Venus Station is feasible for consideration for
the 1973 launch opportunity. The specific mission wmodes consid-
ered in this study have covered a wide range of possibilities that
can reasonably be extrapolated to a designated mission. Sufficient
mission and design detail has been generated (see vol. IT and III
of this report) to indicate the technical feasibility of such a
mission.

The buoyant concept is anticipated to be highly attractive to
the scientific community as an instrument platform from which
probes may be dropped to the surface. A wajor part of this appeal
may lie in the adaptability of the platform to accommodate a vari-
ety of experiments, minimizing the requirements for dense packag-
ing, and thermal control, thus potentially reducing the lead time
required for instrumentation development.

The major areas requiring development are the heat shield, science
instrumentation, and balloon. The heat shield requirements are not
unique to the BVS, but apply to any entry mission., It appears that
these requirements can be met by an orderly engineering development
program, The balloon requirements are not severe since it is designed
for a low velocity deployment in a moderate environment, However,

. early attention to system development is considered necessary.

Martin Marietta Corporation
Denver, Colorado, January 8, 1969

(The reverse of this page is blank.)
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APPENDIX

BUOYANT VENUS STATION TEST PROGRAM

by Dale E, White
Martin Marietta Corporation

(The reverse of this page is blamke)
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APPENDIX

INTRODUCTION

The Buoyant Venus Station (BVS) test program is designed to
provide positive confidence in mission success by establishing
that all functions are successful in a simulated mission environ-
ment, by demonstrating compliance with specifications, and by
identifying design problems early.

Testing starts at the lowest assembly level, and interaction
effects of each subsequent assembly operation are evaluated from
piece-~parts through subsystems to the complete system and re-
lated operational support equipment (OSE).

The test program requirements result from analysis of the
interrelation of the BVS subsystems with functional and opera-
tional requirements of both prelaunch operations and the in-
flight mission.

Verification of each of these requirements is accomplished
during one or more of the planned tests, Development testing
obtains basic performance data and identifies problem areas;
qualification testing demonstrates design maturity by providing
performance margins; and f£light acceptance testing, including
launch site operations, verifies continued product integrity,
demonstrates flight readiness, and provides additional confidence
data.

Test Program Summary

Figure Al provides an overview of the integrated development
and qualification test phases for the BVS capsule.

The first phase of this program consists of the supporting
research and technology (SRT) development and investigative ef-
fort concerned with:

1) Development of the science instruments;

2) Investigation and development of a heat shield de-
sign;

3) Development of a complete flotation system consist-
ing of balloon and inflation subsystems.

(The reverse of this page is blank.)
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APPENDIX

Initial hardware development involves breadboarding and test-
ing circuits, brassboarding mechanical elements, and testing po-
tential packaging concepts. Scale model aeroshells will be tested
in the wind tunnel to evolve the required configuration. Figure
A2 shows the aeroshell development test program. This configura-
tion will be assembled into a full-scale model using materials
evolved from preliminary materials qualification tests, Stress
and load tests will be performed on this model to verify the math
model design. A similar sequence of tests will be performed on
the BVS structure (fig. A3). Propulsion subsystem testing will
be performed to verify vacuum start ability in addition to normal
environmental tests as shown in figure A4, The aerodecelerator
development tests as shown in figure A5 will be performed to sim-
ulate, as nearly as possible, actual deployment loads after having
been subjected to normal packing and environmental tests,

Full-scale structural elements will be assembled into the
thermal control test model (TCTM). This model will be subjected
to both thermal vacuum and simulated heat-sterilization tests to
evaluate the thermal controls and to evolve a requisite heat=-
sterilization cycle (fig. A6). :

At the conclusion of these tests, the prototype equipment and
structures will be modified as necessary and assembled into the
engineering test model, This full-scale functional model of the
BVS system will be tested to evaluate subsystem interfaces and
system performance (fig. A7).

Formal engineering release will initiate the qualification
phase, These tests will demonstrate the ability of the equipment
to function according to specification during and after exposure
to all mission environments and operations (see fig. A8).

The flotation system is sﬁbjected to an environment simulating
the Venus atmosphere by deployment tests from an aircraft,

OSE development and test will parallel that of the flight
capsule system. The system test complex will be integrated with
flight capsule system at appropriate points, which will wverify
the interactions of this equipment,

Figure A9 shows the flight acceptance test operations performed
at contractor's facilities before shipment of the BVS/entry vehicle
to KSC, These tests are performed to verify that each item ac-
cepted is identical in all respects to the qualified configuration.
All of the exposures will be.of sufficient functional or environ-
mental severity to permit potential failures to be screened out
before an item is incorporated in the capsule,
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APPENDIX

Figure A9 also shows the test and checkout operations per-
formed at KSC to verify that the capsule, as it moves through
space system assembly, is physically and functionally capable of
performing its mission. Included are combined system tests with
the spacecraft and specified planetary quarantine operations.
Examples of the latter are controlled access clean area canister-
off activities, decontamination, and terminal sterilization. Sub-
system test activities range from the development of breadboard
circuits through detailed qualification to flight acceptance test-
ing.

The assembly level at which subsystems are tested is con-
strained by the packaging method used. Integrally packaged sub-
systems are treated as entities while dispersed subsystems are
tested at component or subassembly levels.

The purpose of subsystem development testing is to identify
and resolve as early as possible all potential design problems.
This is accomplished through the application of a broad spectra
of nominal environmental and functional tests that determine
worst-case conditions of environmental level and duration, se-
quence, and operative state.

At the conclusion of subsystem development, engineering draw-
ings are formally released, and the fabrication of flight subsys-
tems initiated, First flight-article components are allocated to
qualification that formally demonstrates that the final design
configuration can perform its required functions under simulated
mission conditions,

System level tests are conducted during development, qualifi-
cation, flight acceptance, and launch operations, During develop-
ment and qualification, full-scale models are used, These include
the following:

1) Soft mockup - This mockup, based on initial engineer-
ing layouts, is used to refine component and subsys-
tem configurations and locations and to develop pip-
ing and cable sizes and routing;

2) Engineering test model (ETM) - This is a fully func-
tional model assembled with operational prototype
hardware, It is mated to the prototype system test
complex (STC) to provide for a functional evaluation
of the complete capsule design;
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3) Proof test model (PTM) - This is the initial capsule
built to release engineering., It is used to formally
qualify the BVS/entry vehicle system.

The final step in capsule development is to evaluate the total
system, This is done in two phases, The first involves the final
verification of the physical configuration, with primary concern
directed at packaging, routing, fitting, and other physical inter-
faces; the second involves complete functional tests of all inter-
connected subsystems and the operation of the total system, Fig-
ure A9 shows how these operations, including prelaunch, are com-
bined into an integrated test program,

Launch site operations are a continuation of those acceptance
test activities initiated during capsule assembly and test at the
contractor facility, These operations are primarily concerned with
the preparations and tests necessary to assure that the capsule is
in a launch-ready state. The flow at the bottom of figure A9 in-
dicates the sequential flow of launch site operations for a typ-
ical capsule,

Program Schedule and Model Requirements

Schedule requirements, BVS 1973, - The overall schedule neces-
sary to accomplish the BVS 1973 orbital mission up to and includ-
ing KSC operations is shown in figure A10, There are four dis-
tinct phases of testing required:

1) SRT - To allow those subsystems requiring technology
development to be initiated well ahead of normal pro-
gram subsystems;

2) Development - The normal flow of tests from the ini-
tial circuit and mechanical design of components up
to and including system tests;

3) Qualification - The normal flow of tests from compo-
nent qualification through system qualification. Also
includes a test of entry/flotation subsystems;

4) Flight acceptance and launch operations - Includes all
operations from initial component assembly through
launch.

A summary of model requirements and usage is shown in table
Al,
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